JOSEPH FITZPATRICK AND SIDNEY LIONEL TOMPSETT
From the Biochemical Department, Royal Infirmary, Glasgow (RECEIVED FOR PUBLICATION, DECEMBER 16, 1948) Riboflavin and nicotinic acid may be determined by (1) biological assay, using animals, (2) chemical methods, colorimetric or fluorometric, (3) microbiological assay, using bacteria of known nutritional requirements.
The biological properties of these two vitamins were established in animal experiments, and for a time similar assay methods were used to assess their concentrations in various types of materials. Such methods are time-consuming, require specialized experience, and are not particularly sensitive or accurate. Chemical methods which were developed later still lack sensitivity and are subject to inaccuracies owing to the necessity of a number of manipulations to remove interfering substances. Within recent years much information has been obtained with regard to the nutritional requirements of many species of bacteria. It has been shown that many require certain members of the vitamin B complex for optimum growth. When other nutritional requirements are present in excess, growth of a particular organism is proportional, within certain limits, to the concentration of an essential nutrient-e.g., a vitamin. This has resulted in the development of a wide variety of microbiological methods for the determination of vitamins, amino-acids, etc. Growth may be assessed either nephelometrically or, if the organism is an active acid-producer and the medium is highly buffered, by the amount of titratable acid produced. Such Normal urine contains a number of pyridine compounds closely related to nicotinic acid-namely, nicotinic acid, nicotinamide, nicotinuric acid, N1 methylnicotinamide, and trigonelline. The response of L. arabinosus 17/5 to nicotinic acid, nicotinamide, and nicotinuric acid is proportional to their nicotinic acid content (Snell and Wright, 1941) . The other two pyridine derivatives show no activity towards this organism.
The present writers have found that the dependence of their own cultures on these organisms for these vitamins has remained unchanged over a period of twelve months.
PREPARATION OF MEDIA Stock Solutions.-The following stock solutions were prepared: Photolysed peptone.-1O g. of peptone and 5 g. of sodium hydroxide are dissolved in 125 ml. water and placed in a narrow cylinder about 18 in. from a JOSEPH FITZRA TRICK -AND SIDNEY LIONEL TOMPSETT 100-watt electric lamp for two to three days. This procedure ensures the complete destruction of all riboflavin in the peptone. Then 7 ml. of glacial acetic acid and 3 g. of crystalline sodium acetate are added, the volume made up to 200 ml. with water and filtered.
Yeast supplement (riboflavin-free).-40 g. of basic lead acetate dissolved in 125 ml. of water are added to 25 g. of yeast extract in 125 ml. of water. The pH is adjusted to 10 with ammonia, and the precipitate filtered off. The filtrate after acidification with glacial acetic acid is treated with hydrogen sulphide gas until all the lead is precipitated. The lead sulphide is filtered off, excess hydrogen sulphide is removed by boiling, and the volume made up to 250 ml. by the addition of water.
Casein hydrolysate.-A spray-dried product has been used.
Cystine solution.-1 g. of cystine is added to 250 ml. water containing 1 ml. of concentrated hydrochloric acid and the mixture heated until all the cystine has passed into solution.
DL-Tryptophan solution.-l g. of tryptophan is boiled with 250 ml. of water and concentrated hydrochloric acid added until solution is effected. (The synthetic DL-product should be used in preference to the natural L-tryptophan since the latter is often contaminated with vitamins.) Adenine, guanine, and uracil solution.-0. 1 g. of each are added to 100 ml. water containing a few drops of concentrated hydrochloric acid. Solution is effected by heat. The final volume should be made up to 100 ml. by the addition of water.
Xanthine solution. The solutions should be prepared with glassdistilled water and preserved in glass-stoppered bottles in a refrigerator. If a few drops of chloroform are added to each and assays are being carried out frequently, these solutions will keep well.
Media.-Sufficient for 100 tubes is prepared. Urine.-0.5, 0.25, 0.1, and. 0.05 ml. of urine diluted to 5 ml. were added to 5 ml. of medium. These quantities will cover all concentrations of nicotinic acid likely to be encountered in urine. Filled tubes were sterilized by placing in a steamer or a hot-air oven at 100' C. for one hour. Autoclaving was found to produce intense brown colorations which rendered subsequent titration with alkali very difficult to assess.
INOCULATION
Riboflavin.-5 ml. of riboflavin medium and 5 ml. of distilled water containing 0.25 pAg. of riboflavin were introduced into a universal container and sterilized as described above. The medium was inoculated with a portion of the stock agar stab culture by means of a sterile needle and incubated for 18 to 20 hours at 370 C. There should be good visible growth at the end of this period. The contents of the container were centrifuged, the supernatant fluid poured off, and 10 ml. of 0.85 per cent sterile saline solution added; 20 drops of this suspension were mixed with 10 ml. of 0.85 per cent sterile saline solution, and I drop of this latter suspension added to each of the assay tubes.
Nicotinic Acid.-5 ml. of nicotinic acid medium and 5 ml. of distilled water containing 0.5 pg. of nicotinic acid were introduced into a universal container and sterilized as described above. It was inoculated with a portion of the stock agar stab culture by means of a sterile needle and incubated at 37' C. until good visible growth was observed. Usually this is attained after 18 hours, but on some occasions 36 hours' incubation is necessary. The contents of the container were centrifuged, the supernatant fluid poured off, and 10 ml. of 0.85 per cent sterile saline solution added; 20 drops of this suspension were mixed with 100 ml. of 0.85 per cent sterile saline solution, and 1 drop of this latter suspension added to each of the assay tubes.
INCUBATION
Assay tubes were incubated at 370 C. for three days.
Exact times are unnecessary since both unknowns and standards are subjected to the same treatment. At the end of the incubation period the lactic acid in the containers was titrated with 0.1 N-sodium hydroxide using bromothymol'blue ag indicator. CALCULATION A graph was constructed in which content of riboflavin (or nicotinic acid) in pg. was plotted against ml. 0.1 N-sodium hydroxide used in the respective titrations (see Figs. 1 and 2). Blanks should require less than 1 ml. of 0.1 N-sodium hydroxide to effect neutralization. The riboflavin (or nicotinic acid) content of the unknowns was then read off the graph using the titrimetric values. It has been found possible to obtain readings from at least two urinary levels, More precise but more laborious methods of calculation have been suggested by Wood (1945 Wood ( , 1946 . The normal excretion of these vitamins in urine is so wide and small differences at present of so little significance that in routine investigations there is little to be gained by such methods.
Experimental
Owing to the lability of riboflavin to light and alkali, urine passed over a period of 24 hours was collected in a dark brown bottle containing 5 ml. of glacial acetic acid. When it was necessary to keep the specimen for a longer -period it was kept in a refrigerator. The stability of riboflavin and nicotinic acid in urine under such conditions was examined. Urines were assayed initially and 28 days later. From the results shown in Table V it will be seen that there was little change in the concentrations.
The effect of mild acid hydrolysis had little effect on the results (Table VI) . (To obtain this hydrolysis 5 ml. + 0.5 ml. concentrated hydrochloric acid were placed in a boiling-water bath (Table VII) . The initial content of riboflavin was found to be effectively removed by the addition of alkali and exposure to the light of a 100-watt electric lamp for four days. It was neutralized by the addition of hydrochloric acid.
In many of the chemical methods employed for the estimation of riboflavin and nicotinic acid, dance with the findings of Melnick et al. (1940) and Huff and Perlzweig (1943) that, following ingestion of nicotinamide, Nl methylnicotinamide is the main metabolite excreted in the urine.
Suamm
Factors that influence the microbiological determination of riboflavin and nicotinic acid derivatives in urine have been investigated.
